Background: Occupational exposures to hazardous chemicals in paints cause serious health hazards in painters. The present study was designed to evaluate the possibility of hematotoxic and genotoxic effects of paint chemicals among painters in Assiut Governorate, Egypt. In addition the role of oxidative stress and apoptosis in mechanism of such toxic effects were studied. Methods: A case control study was performed on 50 male painters and 50 non-exposed healthy subjects, who were included as a control group after informed consent. Venous blood samples were obtained and analyzed for determination of total and differential blood count as hematotoxic markers as well as serum malondialdehyde (MDA) as an oxidant stress markers and total antioxidant enzymes. In addition, human B-cell lymphoma-2 (Bcl-2), caspase-3 and 8-hydroxyguanosine (8-OHdG) were assayed as markers of apoptosis and genotoxicity. Results: There was a statistically significant difference between paint workers and controls as regard total and differential blood count, serum MDA and total anti-oxidant levels. Also, statistical significant differences in caspase-3, Bcl-2 levels and 8-OHdG were observed. Conclusions: Chronic occupational exposure to paints increased the risk of hematotoxicity and genotoxicity in painters. Oxidative stress and apoptosis play a major role in such mechanism. Periodic medical examination and application of protective devices is necessary.
Introduction
Paint products contain many chemical compounds like pigments, extenders, binders, additives and solvents (toluene, xylene, ketones, alcohols, esters, and glycol ethers) . Toxicity of these products depends on the types of pigments and solvents used in its manufacture (Scélo et al. 2009 ).Paint solvents are volatile at room temperature. Paint workers are exposed to these chemicals by inhalation (Zaidi et al. 2007) .
Several studies have investigated whether occupational exposure to paints in general is associated with several adverse health effects such as neurological diseases, hearing loss, renal diseases, skin allergies, hepatic, as well as respiratory diseases (Chen et al. 1999; Rabinowitz et al. 2008; Kaukiainen et al. 2004; Park et al. 2006; de Oliveira et al. 2011) .
Organic solvents in paints and their metabolites are known to be hematotoxic, they are known to have a deleterious effect on bone marrow; these effects may result in a decreased production of red blood cells, white blood cells, and platelets. Therefore, the clinical manifestations of these organic solvents range widely from anemia to leukemia (Kamal and Malik 2012) .
Besides hematotoxicity, de Oliveira et al. (2011) reported higher values of chromosomal aberrations (CAs), sister chromatid exchange (SCE) and DNA damage in leukocytes in workers exposed to paints. The authors also described an increase in micro nuclei (MN) in peripheral lymphocytes and in oral mucosa cells.
Paint solvents express these toxic effects on hematopoietic and genetic systems by generation of reactive oxygen species (ROS) that were found to induce cell damage through the increase in the level of lipid peroxidation, decreased activities of antioxidant enzymes and generation of free radicals (Valko et al. 2007 ). Oxygen free radicals can induce a variety of DNA damage, including DNA single and double strand breaks and base modifications; they are thought to be involved not only in the mechanisms of several diseases but also, in the mechanism of ageing and in carcinogenesis (Lobo et al. 2010) .
These chemicals are involved in hydroxylation of the deoxyguanosine residue in DNA. This seems to proceed via generation of an oxygen radical, such as the hydroxyl radical, resulting in the formation of 8-hydroxydeoxyguanosine (8-OHdG). 8-hydroxy-deoxyguanosine is by far the most studied marker of oxidative DNA damage and the most useful marker used as a precursor of genome instability (Anetor 2010) .
Another important mechanism implicated in hematotoxicity and genotoxicity is programmed cell death (apoptosis). Apoptosis plays a very important role in regulating a variety of diseases that may result from an abnormal ratio of pro-and anti-apoptotic factors (Glantz et al. 2006) . Defective apoptosis contributes to mutagenesis and carcinogenesis (Hoeijmakers 2009 ).
Caspases are a family of cysteine proteases that play essential roles in apoptosis. Caspase-3 is the key member of effector caspases (Yuan and Horvitz 2004) . B-cell leukemia/lymphoma2 (Bcl-2) is the founding member of the Bcl-2 family of apoptosis regulator proteins. Bcl-2 proteins interact with each other to promote and inhibit apoptosis (Yang et al. 1996) .
Aim of the work
The objectives of the present study were to evaluate the health hazards after exposure to paints among Assiut house painters (roller and brush painters), including evaluations of hematotoxicity and genotoxicity in peripheral blood. This was achieved by measuring the increase in the level of oxidative stress by malondialdehyde activity and total anti-oxidant capacity that restore the cellular defense mechanism and block lipid peroxidation. Caspase-3 and human (Bcl-2) proteins were measured to assay the interaction with each other to promote or inhibit apoptosis, the assay of 8-hydroxy-deoxyguanosine marker was used as a precursor of genome instability and DNA damage.
Methods

Study population
This case control study was conducted on 50 male paint workers (exposed group) in Assiut governorate during the period from January 2015 to January 2016. The study was carried out in Assiut University Hospitals and Biochemistry Department, Faculty of Medicine, Assiut University. Exposed workers age ranged from 23 to 55 years old and had work experience that ranged from one to 35 years. Each worker was interviewed and the relevant information was recorded in a special questionnaire including age, residence, type of work, duration of work, number of hours worked per day, smoking habit whether cigarette or "water-pipe" (number/day and duration), socioeconomic status, level of education, previous history of exposure to hazardous chemicals and use of protective measures during work (mask, gloves and protective clothes).
The exposed workers were subjected to routine clinical examination and laboratory investigations including complete blood picture, Samples were collected from the non-fasting workers within 2 h after a work day. Workers working for less than 1 year were excluded from the study. It was ascertained that none of those workers had blood diseases and they did not regularly consume drugs with potential hematotoxicity: Workers with parasite infestation as anklystoma or blood losing diseases as piles were excluded. Workers were found to have marked degree of pallor. The same conditions and investigations were carried out in 50 male healthy control subjects. They were chosen from persons attending the blood bank of Assiut University Hospital as blood donors. They were matched for age and sex with the workers but without history of exposure to paints. Samples were collected from the non-fasting controls.
Sample collection and biochemical analysis
Random blood samples (10 ml) were collected from each participant in both groups by venipuncture in plain sterile tubes. Two milliliters of blood were taken from each sample in another tube for complete blood picture analysis.
The remaining of each sample (8 ml) was subjected to centrifugation at 4000 rpm for 15 min and the resulting serum was separated and kept frozen at −20 C°.
Tissue Malondialdehyde was measured colorimetrically using Diagnostic and Research Reagents of Biodiagnostic, Egypt (CAT. No.; MD 25 29). The reagents were supplied in the form of chromogen, enzyme-buffer and standard kit using the method of Satoh et al. (1978) as modified by Ohkawa et al. (1979) .
Serum was analyzed for total antioxidant capacity by colorimetric method using Diagnostic and Research Reagents of Biodiagnostic, Egypt (CAT. No.; TA 25 13). The reagents were supplied in the form of chromogen, enzyme-buffer and standard kit using the method of Koracevic et al. (2001) for total antioxidant capacity.
Human Caspase 3 (Casp-3) was determined with an ELISA kit to form antibody-antigen-enzyme complex measured by spectrophotometric method at a wave length of 450 nm. The kit was supplied by WKEA MED SUPPLIES CORP, China using the method of Xu et al. (2012) .
Human B-cell Leukemia/lymphoma2 (Bcl-2) and Human 8-Hydroxy-deoxyguanosine (8-OHdG) levels were determined quantitatively exactly as described by Hyun et al. (2013) and Sova et al. (2010) respectively. The kits supplied by Glory Science Co., Ltd. cat n. TX 78840, USA. The kits use a monoclonal antibody-based enzyme-linked immunosorbent assay.
Statistical analysis
The collected data were reviewed and analyzed using the Statistic Package for Social Science Version 22, Chicago, USA. Data were summarized according to the case-control design. The Mann Whitney non-parametric test was used to compare the mean of the two groups, the Chi-square test was used to compare qualitative data of the same group. Studying the relationship between variables was done using Spearman correlation.
Ethical considerations
The study was done after approval from Research and Ethical committee of Faculty of Medicine, Assiut University. Informed consent was taken from all individuals who participated in the study. Confidentiality of the data was guaranteed.
Results
The demographic characteristics of the two studied groups (controls and exposed workers) are presented in Table 1 . All the male participants are almost of the same age (30.28 ± 9.38, 32.74 ± 10.42 respectively). The mean average of daily paint exposed time (hours) was 6.7 ± 1.45 among the exposed workers. Regarding smoking habits, 44% of the workers were found to be smokers compared with 30% of the controls (p = 0.147). None of the workers was found to use any type of self-protective equipment. They had poor socio-economic backgrounds and low levels of education.
General examination of the paint workers showed highly significant increase in the number and percentage of workers who had arthralgia, pallor, fatigue, and dyspnea compared to controls (Table 2) .
On examination, 25 (50%) of workers had poly arthralgia, 20 workers (40%) had mild pallor, 16 (32%) expressed having fatigue and ten workers (20%) had dyspnea grade 2 (difficulty in breathing is felt when walking up a slope or on the stairs). The percentage of paint workers who had numbness in both hands was 10% (5 painters), two (4%) had mild fever and easy tendency to bleed form gums and nose was also, observed in two (4%) workers. Table 3 represents the effect of occupational exposure to paints on different red blood cell (RBC) parameters in workers compared to controls. A highly significant decrease in the total RBCs count was observed in workers occupationally exposed to paints (mean was 4.83 ± 0.06) compared to the control group (5.14 ± 0.06). A significant decrease in the hemoglobin (HGB) and hematocrit value (HCT) was observed in workers compared to control group. Mean corpuscular hemoglobin concentration (MCHC) was highly significantly decreased in workers group (32.87 ± 0.30) compared to control group (34.06 ± 0.18). No significant changes were observed regarding mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and platelets blood count (PLT). Table 4 represents the effect of occupational exposure to paints on white blood cells parameters (WBC) in workers compared to the controls. A significant decrease in the mean values of WBCs count observed in occupationally exposed workers compared to controls (5.71 ± 0.30 and 6.32 ± 0.20 respectively), occupational exposures to paints on basophils count expressed a highly significant increase in workers compared to controls with mean values (0.60 ± 0.04 and 0.47 ± 0.01 respectively). No significant changes were observed as regard neutrophils, lymphocytes, monocytes and eosinophils count and also, regarding presence of atypical lymphocytes and large immature cells in workers compared to controls. Highly significant and significant changes in all the levels of biochemical parameters were observed in workers occupationally exposed to paints in comparison with the control group ( Table 5) .
The effects of exposure to paint chemicals on the oxidative stress bioindices in workers group showed a highly significant increase in the mean value (6.53 ± 0.20) of malondialdehyde compared to the control group (3.83 ± 0.16).The results suggest that the levels of total antioxidants in workers were highly significantly decreased when compared to the control group.
The results represent the effect of occupational exposure to paint chemicals on apoptotic marker, as the mean value of caspase-3 was significantly increased in workers in comparison with in the control group. As regards the effects on anti-apoptotic markers, the mean level of Human Bcl-2 show highly significant decrease in comparison with the mean levels in control group. The results also, clarified the effects of paints on oxidative DNA damage. DNA damage measured by Human 8-Hydroxy-deoxyguanosine (8-OHdG) which was highly significantly increased in comparison with control group.
The effect of age on different hematological and biochemical markers in occupationally exposed workers showed no significant difference when compared with controls (Table 6) . The effect of smoking on biochemical markers in occupationally exposed workers showed no significant difference when compared with controls (Table 7) .
On the other hand, significant negative correlations between duration of occupational exposure of workers to paint hazards and red blood cells (r = −0.281, p < 0.05), white blood cells (r = −0.305, p < 0.05), lymphocytes (r = −0.316, p < 0.05) and monocytes (r = −0.304, p < 0.01) were observed (Table 8 and Figs. 1, 2, 3 and 4) . Table 9 and Figs. 5 and 6 showed significant positive correlations between duration of work and human 8-OHdG and highly significant negative correlations between duration of work and total antioxidants. Table 10 represents correlations between (red blood cells & platelets parameters) and biochemical markers under the effect of occupational exposure to paint hazards. The results showed highly significant negative correlation between RBC count and increased apoptosis assayed by increase in the mean values of caspase-3 (r = −0.578, p ≤ 0.001) and with increased DNA damage represented by increase in the mean values of human 8-OHdG (r = −0.574, p ≤ 0.001). However, RBC counts showed significant positive correlation with anti-apoptotic marker, human Bcl-2 (r = 0.243, p < 0.05).
MCHC was high significantly negatively correlated with the increase of oxidative stress assayed by malondialdehyde (r = −0.339, p < 0.05). The results also showed the significant positive correlation between platelet count and total anti-oxidant capacity (r = 0.320, p < 0.05).
On the other hand, a highly significant negative correlation between decrease in the total number of WBCs and increased oxidative stress represented by increase in the mean values of malondialdehyde (r = −0.504, p ≤ 0.001) was observed, with increased apoptosis represented by increase in the mean values of caspase-3 (r = −0.574, p ≤ 0.001) and with increased DNA damage represented by increase in the mean values of human 8-OHdG (r = −0.584, p ≤ 0.001). However, total WBC count showed highly significant positive correlation with the decrease in total anti-oxidant The differences between the 2 groups were non -significant capacity (r = 0.465, p ≤ 0.001) and significant positive correlation with decrease in anti-apoptotic marker (human Bcl-2) (r = 0.243, P < 0.05) (Table 11) . Monocytes percentage was significantly negatively correlated with the increase in the mean level of caspase-3 (r = −0.302, p < 0.05). However, basophil percentage was significantly positively correlated with increased in DNA damage represented by increase in the mean values of human 8-OHdG (r = 0.308, p < 0.05).
Discussion
Paint workers are exposed to a various variety of harmful chemicals present in paint products such as solvents (aromatic hydrocarbons: Benzene, Toluene, and Xylene) (Roma-Torres et al. 2006) . Also, paints contain pigments such as lead, cadmium, arsenic and chromium (Awodele et al. 2014) . Besides, Titanium dioxide and silver are nanoparticles used as paint additives (Smulders et al. 2014 ). All these constituents were reported by many studies to have adverse effects on neurobehavioral, blood, kidney, liver, cardiac, respiratory functions, spleen and many body systems (Chen et al. 2001; Ridgway et al. 2003; Agin et al. 2016) . Toxic effects of these materials on the DNA and blood can contribute to their carcinogenicity (Scélo et al. 2009 ).
The influences of age, sex, and smoking on DNA damage are well-known problems in occupation (Faust et al. 2004; Madhavi et al. 2008) . However, in this study these factors were excluded; in both groups, the mean age was similar, all persons were men, and there were no significant changes between workers group compared to control group regarding smoking habits. Mean values for biochemical indices were not different in smokers and non-smokers among workers. Similarly, Silva et al. (1996) concluded that smoking habits do not represent a significant factor of chromosome aberrations found in their occupational monitoring of car painters. In the current work workers presented some manifestations including arthralgia (50%), pallor (40%) easy fatigability (32%), dyspnea (20%) and numbness of the extremities (10%) which were absent among the control group.
The study of Karrari et al. (2012) that reported that workers occupationally exposed to paints showed anemia, fatigue and dyspnea which may be attributed to the presence of lead in paint materials, is in agreement with these findings. Coinciding with results of this study, Agarwl et al. (2016) noted presence of abdominal pain, numbness of extremities in painters using lacquer tinning for removing household agents as it contains various aromatic hydrocarbons as naphthalene.
In the present study, there was a statistically significant decrease in the hemoglobin level, the red cell count, the hematocrit value, mean corpuscular hemoglobin concentration, and non-significant decrease in platelet count in painters when compared with control group. In addition there was a statistically significant decrease in the total white blood cell compared to the control group. This may attributed to depression of the bone marrow (Wang et al. 2012) . There was also an increase basophils in painters compared to controls.
The results of the study of Maity (2013) on mice treated with solvents showed significant decrease in the blood haemoglobin level and erythrocyte count. Measurements of haematological parameters may be a tool for early detection of cellular changes in the blood caused by exposure to solvents, before the appearance of clinical symptoms. In agreement with the results of the present work was the study of Gadwal et al. (2014) who noticed presence of a statistically significant decrease in RBCs, hemoglobin, neutrophils, platelets and total leucocytic count in painters.
In the current study, an increase in eosinophils, lymphocytes and basophils was also noted in painters as compared to non-painters. In agreement with our study, Ibrahim et al. (2012) reported that many solvents in paint materials may be responsible for decrease in RBCs, WBCs, and platelets in exposed painters as compared with the non-exposed controls. They stated that organic solvents Table 9 Correlation between duration of exposure of workers (years) to paint hazards and different biochemical markers in paints may impair the immune system and could be considered as immune suppressors. Leucopenia recorded in paint workers in this study may be explained by the fact that the essential function of WBCs is to provide primary defense or to provide immunologic response against foreign chemical agents introduced into the body (Uboh et al. 2009 ). Increased reactive lymphocytes were large sized due to antigenic stimulation (Kalele et al. 2016) . This was in agreement with the findings of Eracal et al. (2000) they found in their study on painters an increased number of reactive lymphocytes. Elevated basophilic count noticed among painters may be due to allergic reactions secondary to occupational exposure to irritant paint chemicals, basophils are important as mediators in late-phase allergic reactions, this plays important role in chronic inflammation (Gibbs 2005; El-Gharabawy et al. 2013) .
Reactive oxygen species induced lipid peroxidation which is an oxidative process associated with membrane lipid destruction. MDA is formed as its end product. Anti-oxidant enzymes are defense system against oxidative stress (Barrera 2012; Conterato et al. 2013) .
Normally there is a balance between free radicals and antioxidants, as well as apoptotic and anti-apoptotic markers in body cells. This balance is necessary for proper physiological function (Lobo et al. 2010; Rahman 2007) . If free radicals exceed the body's ability to neutralise them, a condition known as oxidative stress occurs. On the other hand antioxidants decrease cell damage by direct scavenging of ROS (Li et al. 2015) .
In the present study, there was a significant increase in MDA activity that occurred in workers exposed to paint materials. In agreement with our results the study of Moro et al. (2010) and Conterato et al. (2013) reported an increased MDA level in painters occupationally exposed to paint thinners.
In our study there was statistically significant decrease in total antioxidant capacity in painters compared to control group. Antioxidant capacity may give more biological information than assay of individual components, as it includes the cumulative effect of all antioxidants present in plasma and body fluids (Huang et al. 2005) .
Caspase-3 plays a major role in the execution-phase of cell apoptosis (Khan 2010) . The Bcl-2 is an anti-apoptotic protein that prevents apoptosis by controlling caspases activation or by guarding mitochondrial membrane integrity (Andreu-Fernández et al. 2017) . Rana (2008) mentioned that the heavy metals and organic solvents in paints induced apoptosis by activation of mitochondrial apoptogenic proteins, then apoptotic signal proceeds and cell death occurs (Roset et al. 2007) .
The current study showed increase apoptosis in painters compared to control group as indicated by increased levels of caspase-3 and decrease in Bcl2 levels in serum.
These findings were in agreement with El-Nabi kamel and Shehata (2008) who revealed increase in apoptotic marker caspase-3 and oxidative stress after exposure of rats to toluene. Also, coinciding with the results of Tousson et al. (2011) who mentioned that exposure of rabbits to lead caused a significant decrease in the anti-apoptotic Bcl-2 proteins. Xenobiotics initiate apoptosis signaling pathways (Ray et al. 2012) . These pathways lead to activation of caspases result in formation of apoptotic bodies and DNA fragmentation (Elmore 2007) .
DNA bases are damaged by exposure to environmental oxidants such as painting materials. The resultant damage may be a significant source of mutations that lead to cancer and other human diseases (Lobo et al. 2010) . Measurement of (8-OHdG) is a highly sensitive assay for oxygen free radical damage to DNA (Canakci et al. 2009; Valavanidis et al. 2009 ). This biomarker has been used to estimate the DNA damage in humans after exposure to cancer-causing agents, such as heavy metals, and polycyclic aromatic hydrocarbons (Bulat et al. 2008) .
In the present work, a significant increase in DNA damage was evaluated by (8-OHdG) observed in workers exposed to paints compared to control group. This is in agreement with Liub et al. (2009) who found significantly higher serum 8-OHdG levels in exposed workers compared to the control group. Also, in agreement with the study of Chang et al. (2011) of 8-OHdG levels in urinary samples, they found to be higher in painters than the control group.
In the present study, oxidative stress and apoptotic effect of xenobiotics on RBCs showed statistically significant negative correlation with caspase-3 and human 8-OHdG and showed a significant positive correlation with Bcl-2. MCHC showed significant negative correlation with MDA. The platelets showed significant positive correlation with total antioxidant.
The WBCs showed significant negative correlation with MDA, caspase-3 and significant positive correlation with total antioxidant and Bcl-2. The monocytes showed significant negative correlation with caspase-3.
The effect of exposure of paint chemicals in the present study on blood cells showed significant negative correlation between human 8-OHdG and WBCs and significant positive correlation with basophilis.
In agreement with Keating et al. (2011) , it is known that apoptosis has adverse effects on the hematological system. This could explain the aforementioned hematological markers abnormalities (Yedjou et al. 2010) . In the present study there was a positive correlation between decrease in hemoglobin concentration, RBC numbers, caspase-3 and decrease in human 8-OHdG. In agreement, the findings of Aksoy et al. (2006) who mentioned that DNA damage in painters impairs the induction cells of the hematopoietic system including spleen, lymphatic tissues and bone marrow in mice caused by paint thinner materials was evident by chromosomal aberrations; DNA adduct formation, micronucleus formation and increase apoptosis.
In the present work, a decrease in RBCs, WBCs, lymphocytes and monocytes in whole blood samples were found in workers exposed to paints for a long period. An increase in DNA damages (8-OHdG) and decrease in antioxidant capacity were also observed with the increase in duration of exposure to paints. The increase in DNA damage (8-OHdG) in workers was observed in those exposed to paint hazards for more than 20 years of duration of work (Fig. 6 ).
In agreement with our results Cassini et al. (2011) , observed a positive correlation in DNA damages assayed by comet assay in workers exposed to paints with the daily exposure time.
Conclusion
This study performed on paint workers in Assiut governorate showed evidence of hematotoxicity and genotoxicity. This was demonstrated by clinical examination and biochemical assays. The oxidative stress and apoptosis were found to play a major role on different hematological parameters as well as DNA damage. Periodic medical examination and laboratory investigations are mandatory to discover early hazardous health effects especially among chronic exposure to paints. Paint workers should use protective devices as gloves and masks during their routine work.
